Mixed complexes of Co(III) with 2-oximinopropionic (H 2A) or 2-oximino-3-phenylpropionic (H 2B) acid and different amine (imidazole, benzimidazole, pyridine, yS-picoline, y-picoline) are reported. Characterization of the complexes was based upon ele mental analysis, conductivity and JR, 'H N M R, and electronic absorption spectra, and X-ray diffraction analysis. The organic ligands behave as 0 ,N donors via the carboxyl oxygen and the oxime nitrogen atoms. A trans-octahedral structure has been assigned to the bis(2-oximinocarboxylato)bis(am ine)cobalt(III) on the basis of 'H N M R data.
Introduction
The chemistry o f cobalt(III) complexes with ox ime ligands has been extensively explored in the last decades since these com pounds are considered as model com pounds in some biochemical process es [1] , They were used in tem plate organic synthe sis [2] , and as catalysts for chemical reactions [3] or as a protecting groups in the synthesis of some amino acids [4] . In recent years we have begun a detailed investigation of a new type of oximes (e. g. a-oxim inocarboxylate), which can be considered as structural analogues o f the 2-amino acids. Their genetic interrelation may be shown as follows:
where R is the 2-amino acid side chain. From our point o f view these ligands and their complexes can also be useful as bioactive materials. M ore over, the study o f these com pounds can be helpful for solving some theoretical questions, concerning * Reprint requests to Dr. R. D. Lampeka.
Verlag der Zeitschrift für N aturforschung, D-W-7400 Tübingen 0932-0776/93/0400-0409/$ 01.00/0 the mutual influence of the donor groups, the al teration of the complexing properties of 2-amino acids caused by substitution of the amino group by an oxime, and the possibility to realise a stereo selective reaction through the participation of co ordinated ligands. The 2-oximinocarboxylic acids are a composite part in the chain: The coordination chemistry of dicarboxylic acids, dioximes, diamines and amino carboxylic acids has been investigated extensively, while oxi minocarboxylic acids became the subject o f inves tigations only recently [5] .
2-Oximinocarboxylic acids, RC(NOH)CO OH, (R-aliphatic radical) may be considered as di-basic acids. Recently it was shown that the deprotona tion of the carboxyl group by bivalent metals leads to uncharged com pounds of the type M n(HQ)2nL (H2Q = 2-oximinopropionic (H2A) and 2-oximino-3-phenylpropionic (H 2B) acids; L = H 20 , N H 3, Py, imidazole; M I! = Co, Ni, Cu, Zn) [5] .
The present paper reports the results of system atic studies on mixed ligand complexes of cobalt(III) of the type [Co(HQ)Q • 2 Amine] ■ xH 20 (H 2Q = H2A or H 2B; Amine = imidazole (Im), benzimidazole (Bzim), pyridine (Py), 3-and 4-picolme (3-pic and 4-pic, respectively) x = 1 -4 ), whose structures have been deduced on the basis of electronic, IR, PM R spectra and X-ray analysis, as well as their solution conductivity.
Experimental

Materials
H 2A (2-oximinopropionic acid) was prepared by condensation of sodium pyruvate with hydroxylamine [6] , H 2B (2-oximino-3-phenylpropionic acid) was obtained by hydroxyim ination of benzylmalonic acid with ethyl nitrite [7] , Cobalt(II)-2-oxim inocarboxylates were prepared by a method analogous to that described in the literature [5] . All other chemicals were of analytical grade and were used without further purification. The time needed for the oxidation differs for the various amines. Generally, bulkier ligands require more time for oxidation. A typical method of preparation is given below.
Synthesis o f complexes
Co[(HB)B-2Im id]H20 . To a boiling suspension of 0.451 g cobalt(II)-2-oximino-3-phenylpropionate (0.001 M) in a mixture m ethanol-w ater (1:1 v\v) (30 ml) 0.204 g (0.0031 M) of imidazole was added. The mixture was refluxed and air bubbled through the mixture for 8 h, and then cooled to room tem perature. The solid was collected by fil tration, washed with small portions of MeOH and Et.O and dried in a vacuum desiccator over CaCl2 (yield 0.56 g, 96%).
Measurements
Electrolytic conductance of the complexes was determined at room tem perature in H 20 and/or DM F solutions (ca. 10"3M) with a conductivity bridge P-5010.
Electronic absorption spectra in H 20 or D M F solutions (ca. 10 3M) or reflectance spectra (refer ence MgO) were recorded on a Carl Zeiss M-40 spectrophotometer. IR spectra of the complexes in the 4000-400 cm "' region were recorded from KBr disks or Nujol mulls on an UR-20 spectrome ter.
'H N M R spectra were obtained at 2 0 -2 5 C on a Bruker WP-100-SY spectrometer using DMSOd6 (99,6%) as solvent and TM S as internal stand ard.
Cobalt was estimated volumetrically by the method of Laitenen and Burgett [8] . M icroanalytical data for nitrogen, carbon and hydrogen con tents were determined at the Institute o f Physical Chemistry (Academy of Science of Ukraine, Kiev).
Crystal structure determination and refinement
An X-ray structural study of the com pounds Table I . Both structures were solved by direct methods and refined by full-matrix least squares techniques in the anisotropic approxim a tion. The weighting scheme w = (S2 F + 0.0016 F 2) was used. All hydrogen atom s were located in the difference Fourier maps. All hydrogen atom s in II were refined isotropically, whereas in I H atom s were included in the final refinement with the fixed positional and thermal (Biso = 4Ä 2) param eters (only HN (5) , H N (6) and H O (6) were refined iso tropically). Corrections for Lorentz and polariza tion effects but not for absorption were applied. All structural calculations were carried out with a PDP-11/23+ com puter using the SDP-PLUS pro gramme package [9] , The atomic coordinates are listed in Table II . Full crystallographic data have been deposited at the Cambridge Crystallographic D ata Centre [10].
Results and Discussion
Analytical data, melting points and conduc tance values of all complexes are presented in Table III . As follows from N M R data (see below) these com pounds are diamagnetic, which confirms the oxidation state of cobalt(III). The m olar con ductivity values obtained are in accordance with a neutral, non-ionic formulation.
Spectroscopic data
The electronic spectra of the complexes show a peak at about 21,000-22,000 cm -1. This band is attributed to the 'T^-'A^ transition [11] charac teristic of the pseudo-octahedral cobalt(III) d6 sys tem. The UV spectra of these com pounds are not easy to interpret since the crystal field transitions in these com pounds are usually obscured by in tense charge transfer bands. Anisotropically refined atoms are given in the form of the isotropic equivalent displacement param eter defined as: As follows from the IR spectra, the H ;Q coordi nation to the metal ion is accompanied by the loss of carboxyl protons. This is confirmed by the pres ence in IR spectra of the complexes of the strong and broad bands around 1600 cm " 1 attributed to the asymmetric vibrations of the COO-groups as well as by the absence of any bands at 2400-2600 cm -1. The increase of the N -O vibrations frequen cy from 1045 cm -1 in H 2A and 1023 cm ' 1 in H 2B [5] to ca. 1100 cm 1 in the spectra of the complexes clearly indicates the coordination of nitrogen atoms. Thus, we can conclude that the organic an ions are coordinated in a bidentate manner to co balt and form five-membered metallocycles.
The PM R spectra of the free ligands and their complexes are given in Table IV . The free oximes exhibit several singlet signals at 1.90, 11.0 and 3.86, 7.21 and 11.1 ppm for H 2A and H 2B respec tively; those are readily assigned on the basis of published data [12] to the C H 3 and OH (H2A) and C H 2, C6H 5, and OH (H 2B) protons. The 'H N M R spectra of all the new com pounds present sharp signals at 19.4-20.1 ppm, which are unam big uously assigned to the intram olecular O-H-O bonds typical for dioximate Co(III) complexes [13] . This can be explained by proposing a struc ture with planar bidentate oximinocarboxylate ligands forming intram olecular hydrogen bonds. The amine molecules of the bis-amine complexes are coordinated in axial positions. The difference of the chemical shifts of amine protons in the com plexes in com parison with the non-coordinated molecules may serve as a proof of the latter asser tion. For example, the !H N M R spectra of un coordinated imidazole exhibit two separate signals with an intensity ratio of 1:2 at 7.68 ppm due to H-2 and 7.03 ppm due to the H-4 and H-5 protons. U pon coordination, the equivalence of H-4 and H-5 is lost, and three separate signals are observed (Table IV) .
It is well known that the proton chemical shifts o f coordinated ligands depend mainly on the fol lowing: 1) the deshielding effect on all the ligand atoms, generally assumed to act in an electron withdrawing way to the central atom through the ^-backbone; 2) the effects of magnetic anisotropy. 
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a All values in ppm downfield from TM S as internal standard; b s-singlet, d-doublet, t-triplet, m-multiplet; c in CDC13.
The influence of these factors on some cobaloximes was clearly shown by Lopez et al. [14] . T an aka et al. [15] have shown that the protons of the alkyl group bound to the carbon atom of the hydroxyimino group are affected also by the shield ing influence of the ring-current o f pyridine ligand coordinated to the same metal ion. In our case the signals o f the aliphatic protons o f the 2-oximinopropionate ions appear somewhat downfield in comparison with the uncoordinated m onoanions. This is in agreement with the data of Lopez et al. [14] . However, the methylene protons of the 2-oximino-3-phenylpropionate ion in the complex es are shielded in an only small degree. In the former case the downfield shift of the C H 3 protons is due to both a deshielding effect o f coordination and a ring-current in the five-membered metallocycles [14] , These factors exceed the shielding ef fect of deprotonation of the oxime group (cf. for com pound N a2A. <5CH = 1.70 ppm).
A small upfield shift of the methylene protons in the complexes [Co(HB)B • 2 Amine] is somewhat unexpected. From our point of view, this may be due not to a shielding effect o f the coordinated amine [15] , but to the buffer properties o f the phenyl group. However, the magnetic non-equiv-alence of the arom atic protons in the Co(III)-complexes as well as their considerable upfield shift can be caused only by the ring-current of the heterocyclic bases. The complementary evidence of this is the larger shift of amine protons in the complexes with H 2B than in the corresponding complexes with H 2A. (Table IV) .
The chemical shifts o f the protons of the hetero cyclic bases are also sensitive to coordination. It is known that protonation of the heterocyclic bases as well as their coordination to metal ions having a labile coordination sphere lead to deshielding of the amine protons [16] . However, the presence of the cobaloxime ring-current has an opposite effect [14, 17] . The magnitude of this induced shift (ca. 0.4 ppm) is smaller than in organic aromatic sys tems (ca. 1.5 ppm) because of less delocalization in the cobaloxime metallocycles. In the case of the com pounds studied here the amine protons show relatively little variation in chemical shifts, which means that a deshielding effect of coordination is apparently com pensated by a shielding effect of the metallocycle ring-currents. This indicates that delocalization in cobaloxime systems [14] c-c
is stronger, than in our case. 
Description o f the molecular structure
The geometry and atom numbering of the Co complexes are illustrated in Fig. 1 and Fig. 2 . Se lected intram olecular bond lengths and angles with their associated e.s.d.'s are given in Tables V,  VI. The organic anions coordinated to the cobalt atom in the equatorial plane adopt a cis geometry. The same conclusion follows from N M R spectral analysis. Each of the com pounds has a short hy drogen bridge, between 0 ( 3 ) -0 ( 6 ) at 2.452(4) and 2.442(3) Ä for la n d II, respectively. This is in good agreement with the data [18] for the complex (Table VII) . Such deviations are especially noticeable in the com pounds I, where 0 (2) is bonded to a water mole cule through a hydrogen bond, and 0(5) forms a hydrogen bond with HN(5) of the imidazole mole cule of a neighbouring complex (Fig. 3) . gle o f 16.6(2) . In the latter case this is caused by intermolecular hydrogen bonds of the imidazole protons. It is remarkable that both imidazole rings are turned with their imino groups to the side of the oxime groups (Fig. 1) . The positions of the pyridine planes are close to the mean perpendicu lar m irror plane between the two oxime groups. The dihedral angles between the pyridine ring (P y l) and the two planes 0(4)C oN [19] , but are significantly shorter than in the complexes of divalent metals reported previously [5] .
The nature o f the metal has a small influence in the geometry o f the coordinated anions. The aver age bond distances of the anion ( N -C (sp2) = 1.279 (2) , N -O = 1.34(1), C(sp2)-C (sp2) = 1.50 (1) and C(sp2)-C (sp3 ) = 1.485(5)) are close to the corre sponding values found in other transition metal complexes [5] , Somewhat larger distances of the C(sp2) -C (sp2) bonds in respect to those in the dimethylglyoximate complexes show a lesser 7r-delocalization in our ligands. This follows also from PM R spectra (see above).
The amine rings are planar and their geometri cal param eters are the same as reported elsewhere [18, 5] ,
Crystal structures
The crystal structure of I is shown in Fig. 3 . The complexes are linked by interm olecular H-bridges via the H 20 molecules and via the HN (5) and H N (6) protons. This is indicated by short dis tances 0 (7 ) -0 (2 ), N (5 )-0 (5 )* and 0 (7 )-N (6 )* * (2.75(2), 2.87(1)) and 2.69(2), where 0(5)* and N (6)** are related to the 0(5) and N (6) position of Table II by the symmetry operations 0.5+jc, 1 -y , 0 .5+ r and 0 .5 -x , 1 +y, 0.5~z, respectively.
In the crystal structure of II the molecular pack ing is controlled by van-der Waals forces.
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